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Edited by Ulrike KutayAbstract Here we present the crystal structure of Importin-
b(1–462) Æ Ran Æ GTP Æ RanBD1DN as solved by molecular
replacement. HPLC dissociation measurements on this complex
show, that the N-terminus of RanBD may be involved in the re-
lease of the hydrolysis- and dissociation-block of Ran by Trans-
portin/Importin-b. We could identify a pair of amino acids which
– upon mutation – weaken the interaction between Ran and
Importin-b speciﬁcally to allow dissociation without RanBD.
These ﬁndings support the hypothesis that a ternary complex
of Importin-b Æ Ran Æ GTP Æ RanBD exists in the ﬁnal step of
the export of Importin-b from the nucleus and that interaction
of the N-terminus of RanBD with Ran plays a crucial role in dis-
assembly of this complex.
 2007 Federation of European Biochemical Societies. Published
by Elsevier B.V. All rights reserved.
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Nucleocytoplasmic transport is a distinction of eucaryotic
cells [1,2]. It occurs through specialized nuclear pore complexes
(NPC), mediated by transport receptors and is regulated by a
gradient of the small GTPase Ran [2,3]. Transport receptors
shuttle between nucleus and cytoplasm, and their diﬀerential
interaction with the two nucleotide complexed states of Ran
(GDP- and GTP-form) determines the directionality of nuclear
transport. The disassembly of the kinetically very stable com-
plexes of Ran with transport receptors like Importin-b, Trans-
portin or CAS is an essential step in nuclear import and export.
It allows export receptors to release their cargo and returns
importins to their empty, cargo-accepting state. The details of
their recycling have been discussed controversially. According
to the current model, the high-aﬃnity Ran Æ transport receptorAbbreviations: f.l., full-length; wt, wild-type; RanBP, Ran binding p-
rotein; RanBD, Ran binding domain; Imp-b, Importin-b; Imp-a, Im-
portin-a; RanGAP, Ran GTPase activating protein; HPLC, high
performance liquid chromatography; GTP, guanosine-tri-phosphate;
mGTP, mant-GTP; GDP, guanosine-di-phosphate; NPC, nuclear pore
complex; RT, room temperature; IBB, Importin-b-binding domain of
Importin-a; GST, glutathione-S-transferase
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doi:10.1016/j.febslet.2007.02.067complex is dissociated at the cytoplasmic side involving a Ran-
binding domain (RanBD, from either RanBP1 or RanBP2 with
its four RanBDs RanBD1..RanBD4), RanGAP and – in case
of Importin-b – also Importin-a [4]. RanBP1 has been shown
to be crucial for the dissociation process [4].
In the case of Importin-b, Bischoﬀ and Go¨rlich [4] propose
the existence of a ternary complex of Importin-b, Ran and
RanBD formed after the Imp-b Æ Ran Æ GTP dimer exits the
NPC, which is dissociated upon binding of Imp-a, giving Ran-
GAP access to the previously blocked Ran to hydrolyse guano-
sine-tri-phosphate (GTP) and disassemble the proteins in the
following steps: (i) Imp-b Æ Ran Æ GTP exits the NPC and binds
RanBD forming a transient ternary complex. (ii) RanBDweak-
ens the interaction between Imp-b and Ran. (iii) Imp-a binds to
the complex, weakens the interaction further and ultimately
leads to the dissociation of Imp-b from the complex. (iv) The ex-
posedRanGTP – still bound toRanBD– is now free for binding
of RanGAP which only now can induce GTP-hydrolysis.
The existence of a stable ternary complex of Importin-b, Ran
and RanBD has been shown biochemically [4,5]. Furthermore,
the structures of RanBD1 Æ Ran Æ GppNHp and Imp-b Æ Ran
Æ GppNHp suggested a structural model for this complex where
the N-terminus of RanBD wraps around Ran and ends in the
vicinity of two highly conserved motifs, buried in the
Ran Æ Imp-b interface: the basic patch of Ran (res 140–143Ran,
159Ran, 166Ran), and the acidic-loop motif of Imp-b (res 334–
342Imp) near the gap in the binding-interface between Imp-b
and Ran, implying a potential role of the N-terminus in dissoci-
ation [6]. As we will show in this paper, the interactions of the
charged motifs turn out to be less important for the initial step
of the dissociation mechanism than initially thought. In con-
trast, the interactions of the termini of Ran and RanBD as a
whole – forming the ‘‘molecular embrace’’ of the RanRanBD
complex – seem to deliver the driving force for dissociation.
To investigate the structure and mechanism of this impor-
tant last step of karyopherin export, we crystallized the ternary
complex of Importin-b Æ Ran Æ GppNHp Æ RanBD1 and char-
acterized the in vitro dissociation behavior with mutant studies
of the complex.2. Materials and methods
2.1. Protein expression of ran and importin-b (1–462) wild-type (wt)
and mutants
Ran, Imp-b (1–462) and mutants: E.coli cells were processed in a
microﬂuidizer with 1 mM PMSF w/v on ice. Proteins were puriﬁed
at 4 C and frozen in N2 for storage at 80 C. Protein fractionsblished by Elsevier B.V. All rights reserved.
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N196R, N200R, V235R, E274R, D338A and D338A/D339A as well as
Ran V109R and N114R were designed with the QuikChange-method
(Stratagene). N-His6 Imp-b (1–462) was expressed and puriﬁed as de-
scribed before [6]. For Ran expression see [7].
Glutathione-S-transferase (GST)-RanBP2BD1 (1186–1321): A
truncated GST–RanBP2BD1(1186–1321) (BD1DN) construct in
pGEX-2T was transformed into E.coli BL21(DE3) cells. Transformed
cells were grown over night in LB Ampicillin/Kanamycin at 37 C.
IPTG was added at OD600 of 0.5 for 4 h at 37 C. The protein was
puriﬁed on a GST Sepharose 4B aﬃnity column (Pharmacia).
RanGAP, RanBP1, Transportin and Imp-a: See RanGAP [8],
RanBP1 [8], Imp-a [9], Transportin-GSH was expressed in E.coli
BL21 at 37 C, puriﬁed on GSH-Sepharose and concentrated using
ammonium sulfate-precipitation.2.2. Crystallization
To obtain crystallizable ternary complexes, single proteins were
complexed sequentially to prevent formation of binary complexes with
similar mass. Complexes were puriﬁed on a size-exclusion column
(S200) in Tris/HCl-buﬀer. The hanging-drop vapor-diﬀusion method
with 0.78 M LiSO4, 0.1 M Na-HEPES pH 9.3 at 20 C led to
200 · 100 · 50 lm single, poorly diﬀracting crystals. To improve dif-
fraction, crystals were mounted in mother-liquor and 2.5 M LiSO4 (1:9
(v/v)) and dried in an air stream of controllable humidity [10]. Crystals
were ﬂash-frozen in liquid N2 for data collection.Table 1
Data collection and data processing statistics
Data collection
Wavelength (A˚) 0.9184
Detector distance (mm) 350.0
Step width () 0.5
Total rotation angle () 200
Exposure time (s) 15 (attenuated)
Data processing
Resolution (A˚) 19.76–4.04
Completeness (%) 100
I/r 14.68
Observed reﬂections 697974
Unique reﬂections 36594
Rmerge 0.09
Space group P6522 (179)
Space group dimensions (A˚) a = 144.57 a = 90
b = 144.57 b = 90
c = 707.08 c = 120
Table 2
Statistics of the ﬁnal reﬁned model (numbers for the highest resolution-
shell in brackets)
Reﬁnement-statistics
Rcryst 0.302(0.352)
Rfree 0.331(0.361)
Model/ #Atoms
Importin-b A 3575
D 3575
Ran B 1636
E 1636
RanBD1 C 982
F 982
Ligands GppNHp 64
Mg2+ 2
Water molecules –
B-factor (A˚2) 88.9
Coordinate error (A˚) 0.88
r.m.s. Deviation
Bond length (A˚) 0.030
Bond angle () 2.52.3. Data collection, processing, phasing, and structure reﬁnement
A dataset to 4 A˚ resolution of a dried and frozen crystal could be
obtained at the SLS (Villigen/Switzerland). Data were processed with
XDS. The unit cell showed an extraordinarily large c-axis with a length
of 707.08 A˚ (Table 1). Molecular replacement was done using
AMORE and a model constructed from Importin-b Æ Ran (1ibr [6])
and Ran Æ RanBD1 (1rrp [11]) in space group P6522, yielding an unam-
biguous solution with R-factor 0.45 and a correlation of 0.60. Careful
rigid-body-reﬁnement, NCS-restrained energy-minimization in CNS
[12] and TLS-reﬁnement in REFMAC [13] lowered the Rfree to
33.1%, which is acceptable at this resolution, with excellent geometries
(Table 2). The electron density of all domains and the C-terminal helix
of Ran were clearly deﬁned.Fig. 1. (a) A.U. of the structure showing two ternary complexes (Imp-
b, Ran and RanBD1DN (colored wheat, blue, yellow and orange, slate
and green)). (b) Colored by B-factor. Values from min. 10.42 (blue) to
max. 169.48 (red) displayed as rainbow-colored linear gradient.
Bottom image rotated by 90. All structural images generated with
Pymol [22].
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measurements
Proteins for the stopped-ﬂow association and ﬂuorescence dissocia-
tion measurements were prepared as described above. Buﬀers and solu-
tions were prepared as described in [14]. Association measurements
were performed under pseudo-ﬁrst-order conditions with an excess
of Imp-b (1–462) (1, 2, 3, 4, 5, 6 lM) over Ran (0.2 lM), rate-constants
kon and koﬀ were obtained as described in [14].2.5. HPLC-dissociation (hydrolysis) assay
RanGAP can hydrolyse GTP only in the absence of Importin-b/
Transportin, which thereby works as a hydrolysis-inhibitor [15],
(Fig. 5b). Therefore, by adding RanGAP to the complex of Imp-b Æ
Ran Æ RanBD we could use RanGAP as an indirect reporter for disso-
ciation. One-point-measurements and kinetic studies for the RanBP1/
RanBD1/Imp-a-induced dissociation of Imp-b Æ Ran Æ mGTP were per-
formed with a reversed-phase-HPLC-system (Waters Alliance 2690
HPLC, Phenomenex C-18 Synergi 4l Hydro-RP 80A column
equilibrated with 100 mM K-phosphate pH 6.4, 10 mM tetra-
butylammoniumbromide with 25% Acetonitrile). K-phosphate
(20 mM) pH 7.4; 5 mM MgCl2 was mixed with Ran Æ mGTP to an
end concentration of 0.2 lM Ran. This was incubated with a twofold
excess of Imp-b and RanBP1 and a 10-fold excess of Imp-a for 60 min
at room temperature (RT). For kinetic studies, 0.2 lM RanGAP was
added, after addition of RanGAP, aliquots from the mixture were
taken and measured automatically at constant intervals with high per-
formance liquid chromatography (HPLC). Such complete kinetics
were used to determine optimum parameters for the one-point-mea-
surements. For those, 0.2 lM RanGAP was added and incubated for
exactly 120 min at RT and measured afterwards (Fig. 4b). Long-term
dissociation experiments (120 min) could not be done with Imp-b
due to protein stability issues. Therefore the functionally and structur-
ally very similar Transportin was used instead. For the Transportin
kinetics, 1 lM Ran Æ mGTP and 4 lM Transportin were mixed withFig. 2. (a) Superimposition of the ﬁrst complex (orange/yellow) with the kno
(PDB-ID 1rrp, in green). (b) Error-scaled diﬀerence-distance matrices (DDM
single molecules of the known structures of Imp-b Æ Ran and Ran Æ RanBD.
upper right the unscaled one, colored areas diﬀer in conformation. Seconda
colored yellow. Missing parts in one molecule (omitted from the DDM-anal2 lMRanBD1, 20 nM RanGAP was added. Nucleotide-amounts were
calculated from the peak-area of the peaks running at mGDP- and
mGTP-positions (external calibration).3. Results and discussion
3.1. Structure of Importin-b Æ Ran Æ GppNHp Æ RanBD1DN
The asymmetric unit contains a dimer of two ternary com-
plexes, arranged so that the main contacts between the com-
plexes are between the two Ran moieties and between
RanBD and the N-terminus of the Importin-b fragment,
respectively (Fig. 1a). The residue numbering of RanBD1DN
is according to [11], res. 1 = res. 1155.
The C-terminal Helix a6 (res. 181–200Ran) of Ran as well as
the acidic loop of Imp-b (res. 334–339Imp) show increased tem-
perature factors (Fig. 1b). Like in the structure of the Ran–
RanBD1 complex [11], the C-terminal DEDDDL motif of
Ran (res. 211–216) shows only very weak density, therefore
it has been omitted from the model. More than half of the total
surface of Ran (12265.20 A˚2) is buried by the binding inter-
faces to either Imp-b (2993.58 A˚2) or RanBD1DN
(3529.52 A˚2).
The conformation of the complex (Fig. 2a) is in good agree-
ment with the model proposed in [6]: Ran binds simulta-
neously to RanBD1 and Imp-b, in a fashion similar to the
superimposition of the known binary complexes [6,11]. The
globular core domain of RanBD1DN has no direct contact
to the N-terminal half of Imp-b. According to the approachwn structures of Imp-b Æ Ran (PDB-ID 1ibr in blue) and Ran Æ RanBD
) and superimpositions of the single molecules in the complex with the
The lower left half of every matrix shows the error-scaled DDM, the
ry structure shown below every plot. Areas identiﬁed as diﬀerent are
ysis), are colored green. [16,17].
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main cores compared to the conformations of the structurally
known complexes (Fig. 2b). In contrast, the C-terminal Helix 6
of Ran (res. 189–200Ran and 210–211Ran) is in a slightly diﬀer-
ent position compared to the Importin-b Æ Ran-complex (PDB-Fig. 3. (a) Superimposition of the ternary complex with Imp-b Æ IBB (1qgk)
distances <2.0 A˚ between Imp-b and RanBD are colored red. (b) Le
RanGAP Æ Ran Æ RanBP1 [8]) and RanBD1DN. There are no signiﬁcant dev
(RanBD1 from 1rrp). Conserved residues are colored red, weakly conserved
Table 3
Results of association and dissociation kinetics, columns are Importin-b (1–
Mutant Imp-b
wt
Imp-b
L192R
Imp-b
N196R
Imp-b
N200R
Ran wt
kon (mM
1 s1) 12.10 8.68 4.70 8.19
koﬀ (10
6 s1) 11.40 8.09 10.70 26.90
KD (nM) 0.94 0.93 2.28 3.28
KD/KD (wt) 1.36 1.35 3.29 4.74
Ran V109R
kon (mM
1 s1) 19.60 9.92 7.02 10.80
koﬀ (10
6 s1) 25.50 20.20 21.60 234.00
KD (nM) 1.30 2.04 4.50 21.67
KD/KD (wt) 1.88 2.94 6.50 31.30
Ran N114R
kon (mM
1 s1) 15.80 2.13 5.82 9.35
koﬀ (10
6 s1) 4.67 27.60 19.30 17.40
KD (nM) 0.30 12.96 3.32 1.86
KD/KD (wt) 0.43 18.72 4.79 2.69ID 1ibr), most likely caused by the tight packing of the two
NCS-related complexes. Nevertheless, in the ternary complex
the position of the last visible amino acid (Asp 211) of the
acidic 211DEDDDL216 motif of Ran is only 2.9 A˚ diﬀerent
from its position in the Ran Æ RanBD1 complex, so that it, Transportin Æ Ran (1qbk) and Imp-b(f.l.) Æ Ran (2bku). Residues with
ft: Superimposition of RanBP1 (from 1k5d, ternary complex of
iations in the core-region. Right: Sequence conservation in RanBDs,
white.
462) mutants, rows are Ran mutants measured
Imp-b
V235R
Imp-b
E274R
Imp-b
D338A
Imp-b
D338A/D339A
4.63 5.71 7.20 4.91
42.50 31.60 14.60 7.84
9.18 5.53 2.03 1.60
13.26 7.99 2.93 2.31
5.61 7.93 9.02 5.15
225.00 56.30 51.50 25.50
40.11 7.10 5.71 4.95
57.93 10.26 8.25 7.15
5.78 5.71 7.51 5.61
48.40 33.40 12.30 11.20
8.37 5.85 1.64 2.00
12.10 8.45 2.37 2.88
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as proposed for the Ran–RanBD1 complex [11]. Since there
are no crystal packing or other contacts nearby, there is plenty
of space for the DEDDDL motif to interact with the basic
patch.
Furthermore, a small shift in the backbone-conformation of
switch II (res. 73–75Ran, which is important for GTPase-acti-
vation of Ran) compared to 1ibr can be observed. A superim-
position with the binary Ran Æ RanBD1-complex shows that
both res. 72–74Ran (switch II) and res. 151–152 Ran(G5) show
signiﬁcant diﬀerences, thus making our Ran more similar to
the Imp-b bound GTPase inactive state than to the RanBD1
bound state in which the intrinsic GTPase activity and thus
conversion to RanGDP would be facilitated.
Superimposition with full-length Imp-b [18] shows, that the
RanBD1 of the ternary complex would heavily clash with the
position of the Imp-b C-terminus in Imp-b Æ Ran Æ GTP
(Fig. 3a, PDB-ID 2bku). Interestingly, this clash is greatly re-
duced in the Ran-free full-length Imp-b bound to Importin-b-
binding domain of Importin-a (IBB) [20], which shows only
one minor clash with RanBD1, indicating that full-length
Imp-b in the ternary complex with Ran and RanBD might
adopt a conformation more similar to the one in the IBB com-
plex. That such a complex exists, has been proven [5]. Since
there are also some clashes with Ran in the superimposition
with the IBB bound form, there have to be some diﬀerences.
However, Importin-b has been shown to easily alter the helix
pitch and diameter [24], so it could accommodate Ran Æ
RanBD by minute changes starting from the IBB-bound con-
formation. The superimposition of our ternary complex with
the Imp-b–Nup1p complex (PDB ID 2bpt, [19]) shows nearlyFig. 4. (a) Positions of the point mutations. Ran (blue)/RanBD (yellow), ﬂip
(b) Heat map of HPLC one-point measurements of Imp-b(1–462) Æ Ran Æ m
control) and hydrolysis-rate (column 4). Four measurements were done: (1)
block control (Imp-b + Ran + GAP) () and (4) experiment (+). Data is n
indicates the percentage of hydrolysis (0 = no hydrolysis, 1 = full hydrolysis
reaction (2 h after addition of RanGAP) are shown.identical clashes compared to superimposition onto the
Imp-b Æ Ran complex (2bku).
3.2. Role of the acidic loop in Importin-b
D338 and D339 are in an acidic loop in Imp-b and interact
with a positively charged region in Ran formed by residues
R166, K167, and K159. In [6] it has been speculated, that
the acidic loop competes with the DEDDDL-motif of Ran
as the binding partner for the basic patch, freeing the C-termi-
nus of Ran to bind to RanBD once Ran is complexed to Imp-
b. However, mutation of the aspartates to alanine results in an
only twofold lower aﬃnity of the double mutant (Table 3), so
the charge does not seem to be an important feature of this
loop. Instead, the conserved loop containing D338/339 most
likely has a positive eﬀect on Ran binding due to its hydropho-
bic contacts to Ran, involving e.g. Tyr342. The relative aﬃni-
ties for Imp-b (1–462) and Imp-b (f.l.) are very similar (the
fragment has approx. 95% of the wild-type aﬃnity [14]), so this
and the following results should be valid for both proteins.
3.3. The eﬀect of the missing C-terminus in Importin-b (1–462)
can be compensated by reduction of aﬃnity
It has been shown by Bischoﬀ and Go¨rlich [4] that RanBD
and Imp-a are together required and suﬃcient to dissociate
the complex of full length Imp-b with Ran. In contrast,
RanBD1 plus Imp-a are not able to release the hydrolysis
block of the N-terminal fragment of Imp-b (1–462), probably
because of the missing clash with the C-terminal part of full-
length Imp-b described above (Fig. 3a). Interestingly, we found
one combination of mutants (V109R in Ran with V235R in
Imp-b) where RanBD1/Imp-a can dissociate the complex.ped 180. Light red: Putative contact area of the RanBD-N-Terminus.
GTP mutants, sorted by experiment (Ran-mutants, Imp-b mutants,
Ran alone (–), (2) positive control (Ran + RanBP1 + GAP) (++), (3)
ormalized to 1 (total amount of nucleotide measured). The gradient
, i.e. total dissociation). Negative control (no RanGAP) and optimal
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proteins (Table 3), showing that this aﬃnity reduction is large
enough to overcome the eﬀect of the missing Imp-b C-termi-
nus. All other mutant combinations bound so tightly that
the block could not be released (Table 3, Fig. 4). In spite of
the potential structural incompatibility, it was shown that aFig. 5. (a) HPLC measurements of Transportin dissociation: x axis: ti
Ran + RanGAP (‘‘Ran’’) shows the strongest hydrolysis as expected. The
truncated RanBD1 (‘‘RanBD2DN’’) show a hydrolysis-block, whereas f.l. R
‘‘RanBP1’’). (b) Schematic drawing of the dissociation and hydrolysis reactio
dissociates upon binding of RanBD and Importin-a, Ran is hydrolysed by
necessary (b3) RanBD cannot remove C-terminally truncated Importin-b fro
(b4) N-terminally truncated RanBD cannot remove Transportin from Ran,ternary complex Imp-b (f.l.) Æ Ran Æ RanBP1 can form [5].
Thus, either the position of RanBP1 in this complex has to
be diﬀerent, or Imp-b must adopt a diﬀerent conformation,
e.g. more similar to the one in the IBB-bound form as sug-
gested above [20]. In Transportin, the situation is similar,
although the clash involves fewer residues.me/min, y axis: normalized rel. ﬂuorescence. The positive control
negative control (‘‘Transportin’’) and samples with Transportin and
anBD and RanBP show weak but signiﬁcant hydrolysis (‘‘RanBD2 0’,
n model. The red star indicates clashes. (b1) Importin-b f.l. Ran GTP
RanGAP (b2) The same reaction with Transportin, Importin-a is not
m Ran (even in the presence of Importin-a), no hydrolysis is observed
no hydrolysis is observed.
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dissociation
It was shown previously that RanBP1 without the N-termi-
nal acidic tip can release Imp-b from Ran [5]. In addition, we
could show that deletion of the acidic tip of RanBD1’s N-termi-
nus lowers the aﬃnity to Ran 100-fold, whereas deletion of the
N-terminus of RanBD up to the start of the beta barrel reduces
the aﬃnity by approx. 2000-fold. Deletion of the complete Ran
C-terminus results in an 8000-fold lower aﬃnity [11]. This
means that mainly the two termini (whereby the acidic end of
the N-terminus of RanBD is dispensible) are responsible for
the high aﬃnity binding of RanBD to Ran. A mutation
E37K in the upper part of the N-terminal arm abolishes Ran
binding and accordingly cannot dissociate the Ran/Imp-b com-
plex, corroborating the importance of this interaction [5]. Fur-
thermore, we could not obtain crystals of the ternary complex
with the N-terminus of RanBD1 present, indicating that it
has a destabilizing eﬀect, although it still forms a complex with
Ran on a size exclusion column.
In case of Transportin, RanBD alone is suﬃcient to stimu-
late the dissociation of its Ran complex [4]. Here, we could di-
rectly show that a missing N-terminus in RanBD abolishes
dissociation: Controls with Ran alone show 60–70% hydrolysis
after 2 h (Fig. 5a) (‘‘Ran’’). The control with RanBD (f.l.) or
the functional analogue RanBP1 (Fig. 3b) shows accelerated
hydrolysis (Fig. 5a) ‘‘RanBD2’’ and (‘‘RanBP’’) whereas
RanBD2DN is not able to achieve this eﬀect, similar to the
negative control without RanBD2 (Fig. 5a) (‘‘Transportin’’).
One has to take into account that RanBD1DN has a lower
basal aﬃnity to Ran (KD 10 lM), but a stronger hydrolysis
should have been observable even under these conditions, if
RanBD1DN would be able to release the dissociation block
at all. This means that RanBD1DN cannot accelerate the dis-
sociation of the Transportin–Ran-complex (Fig. 5a, b4).4. Conclusions
Here we show that a ternary complex of Importin-b Æ (1–
462) Æ Ran Æ RanBD1 lacking the N-terminus of RanBD1 is
stable enough to form crystals. This indicates that such a com-
plex might also form – at least transiently – during the last
stages of Imp-b-mediated export out of the NPC. This would
favor the model proposed by Bischoﬀ and Go¨rlich [4] in con-
trast to a model by Floer et al. [21], where Imp-a binds ﬁrst,
and only then RanBD completes the dissociation.
The C-terminus of full length Importin-b would clash with
RanBD when superimposed to our crystal structure, suggest-
ing that this clash could facilitate the dissociation of the kinet-
ically very stable Importin-b Æ Ran complex. In contrast, Imp-b
(1–462) is resistant against dissociation by RanBD/Imp-a,
whereas a combination of two mutants (Imp-b(1–462)
V235R plus RanV109R) is again sensitive, meaning that a
43-fold lower aﬃnity can compensate the eﬀect of the missing
Imp-b C-terminus.
We could show that N-terminally truncated RanBD1 is
apparently not able to release the dissociation-block of Ran
by Transportin in accordance with our hypothesis that the
N-terminus might be crucial for release.
Thus, during dissociation of import receptor-Ran com-
plexes, RanBDs are probably captured by Ran’s free C-termi-nus and anchored by ﬁxation of the upper part of their own N-
terminus onto Ran. In this newly formed ternary complex, the
basic patch of Ran is not readily accessible, which is in agree-
ment with the ﬁnding that the upper part of RanBD’s N-termi-
nus is more important for the initial step of the dissociation
reaction than its acidic tip. In contrast, the acidic DEDDDL
motif of Ran can immediately bind to its basic counterpart
on RanBD which is freely accessible in the ternary complex.
Then the Ran/Imp-b or Ran/Transportin complexes would
be unzipped by weakening the interaction between Ran and
the transport receptor via sterical hindrance. Following this,
the complex of Ran and RanBD dissociates while staying in
its ‘‘molecular embrace’’, where the acidic C-terminus of Ran
is attached to the basic patch of RanBD, and vice versa, the
acidic N-terminus of RanBD now interacts with the basic
patch of Ran (Fig. 5b). The latter interaction (which corre-
sponds to an aﬃnity gain of roughly 100-fold) would help to
sterically prevent rebinding of the binary Ran Æ RanBD com-
plex to Importin-b, since now Ran’s basic patch is occupied.
The ﬁnal step is the GTP hydrolysis by RanGAP, acting on
the Ran-RanBD complex as a perfect substrate [4]. The role
of RanBD during hydrolysis has been thoroughly discussed
in [23]. The resulting change of nucleotide state in Ran pre-
vents it (now in the guanosine-di-phosphate (GDP) form) from
binding back to either Importin-b or RanBD [4], since now the
basic patch of Ran is occupied by its own acidic C-Terminus.
This completes the recycling of all factors to their initial state
which are now ready for another round of import or export.
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